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Abstract. We analyze lepton flavour violation (LFV) and the generation of the observed
baryon-antibaryon asymmetry of the Universe (BAU) within a generalized minimal lepton
flavour violation framework with three quasi-degenerate heavy Majorana neutrinos. The BAU
which is obtained through radiative resonant leptogenesis can successfully be generated widely
independent of the Majorana scale in this scenario and flavour effects are found to be relevant.
Then we discuss the specific case in which CP violation is exclusively present at low-energies (a
real R matrix) in the flavour sensitive temperature regime. Successful leptogenesis in this case
leads to strong constraints on low-energy neutrino parameters.
1. Introduction
Since the discovery of neutrino masses it is known that lepton flavour is not conserved. However,
from non-observation of LFV processes such as µ → eγ we know that those interactions have
to be highly suppressed. Extensions of the Standard Model that implement LFV should keep
such processes automatically small and allow for new-physics particles with moderate masses. In
the quark sector, these issues can nicely be accommodated with the Minimal Flavour Violation
(MFV) hypothesis [1]. Analogously to the quark sector, Minimal Lepton Flavour Violation
(MLFV) can be formulated as an effective field theory in which the lepton Yukawa couplings
are the only sources of flavour violation [2]. In order to additionally explain the smallness of
neutrino masses with the help of the see-saw mechanism and estabishing the requirements for
leptogenesis, the MFV hypothesis in the lepton sector includes also lepton number violation at
some high scale. Avoiding additional flavour violation, the three heavy right-handed Majorana
neutrinos introduced are degenerate in mass.
2. General Picture
Since radiative corrections spoil the degeneracy of the Majorana masses [3, 4], it is appropriate
to combine the MLFV hypothesis with a choice of a scale at which the Majorana masses are
exactly degenerate [4]. A natural choice for the degeneracy scale is the GUT scale. Then the mass
splittings of the Majorana neutrinos at the Majorana scale required for resonant leptogenesis
[5] are induced radiatively. This mechanism to obtain the BAU is called radiative resonant
leptogenesis (RRL) [6].
3. CP Violation at high and low Energies
Considering first the case with CP violation in the neutrino Yukawa couplings present at high
and low energies the situation is as follows [4]:
• The baryon asymmetry of the universe can be generated of the right order of magnitude
with RRL independent of the Majorana scale. The inclusion of flavour effects [7, 8] in the
Boltzmann equations below a certain Majorana scale is relevant.
• Correlations between the generation of the BAU and LFV decays such as µ→ eγ or ratios
of such processes are very weak. Therefore MLFV is not as predictive as the corresponding
framework in the quark sector.
• A flavour specific treatment allows for successful leptogenesis in the special case of no high-
energy CP violation which is in accordance with the findings of [8, 9].
4. Special Case of exclusively low-energy CP Violation
We study then the implications of a successful leptogenesis in the case of exclusively low-energy
CP violation with the PMNS matrix being the only source of CP violation (the R matrix in Yν
of the Casas-Ibarra Parametrization [10] is real), which can be obtained provided flavour effects
are taken into account (M . 109 − 1012 GeV) [4]. We find that the right amount of the baryon
asymmetry of the universe can be generated in the flavour sensitive regime (see figure 1) under
the following conditions [11]:
• The light neutrino masses have a normal hierarchy,
• there is at least one non-vanishing Majorana phase,
• sin (θ13) & 0.13,
• mν,lightest . 0.04 eV.
If these constraints are fulfilled, we find strong correlations among ratios of charged LFV
processes. For example the ratio of B(µ → eγ)/B(τ → µγ) which varies over many orders
of magnitude when high-energy CP violation is present, is found then to be clearly below one
(see figure 2).
Therefore the specific case of exclusively low-energy CP violation turns out to be much more
predictive than the general one and offers constraints that are testable in low-energy experiments.
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Figure 1. The BAU versus the
Majorana scale up to 109 GeV
in the case of exclusively low-
energy CP violation present [11].
The black points correspond to the
three-flavour estimate, the light-
blue points to the single-flavour
solution [5]. The two black lines
mark where the BAU is of the right
order of magnitude.
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Figure 2. R = B(µ → eγ)/B(τ → µγ) versus sin (θ13) for the general analysis [4] including
high-energy CP violation (left plot) and with exclusively high-energy CP violation (right plot)
[11] where R is clearly below 1. The black points fulfill the leptogenesis constraint, the constraint
on sin (θ13) in the lower case can be read off.
References
[1] A. J. Buras, P. Gambino, M. Gorbahn, S. Jager and L. Silvestrini, Phys. Lett. B 500, 161 (2001)
[arXiv:hep-ph/0007085], G. D’Ambrosio, G. F. Giudice, G. Isidori and A. Strumia, Nucl. Phys. B 645,
155 (2002) [arXiv:hep-ph/0207036].
[2] V. Cirigliano, B. Grinstein, G. Isidori and M. B. Wise, Nucl. Phys. B 728, 121 (2005) [arXiv:hep-ph/0507001].
[3] V. Cirigliano, G. Isidori and V. Porretti, Nucl. Phys. B 763, 228 (2007) [arXiv:hep-ph/0607068].
[4] G. C. Branco, A. J. Buras, S. Jager, S. Uhlig and A. Weiler, JHEP 0709, 004 (2007) [arXiv:hep-ph/0609067].
[5] A. Pilaftsis, Nucl. Phys. B 504, 61 (1997) [arXiv:hep-ph/9702393], A. Pilaftsis, Phys. Rev. D 56, 5431
(1997) [arXiv:hep-ph/9707235], A. Pilaftsis and T. E. J. Underwood, Nucl. Phys. B 692, 303 (2004)
[arXiv:hep-ph/0309342], S. Blanchet and P. Di Bari, JCAP 0606, 023 (2006) [arXiv:hep-ph/0603107].
[6] R. Gonzalez Felipe, F. R. Joaquim and B. M. Nobre, Phys. Rev. D 70, 085009 (2004) [arXiv:hep-ph/0311029],
K. Turzynski, Phys. Lett. B 589, 135 (2004) [arXiv:hep-ph/0401219], G. C. Branco, R. Gonzalez Felipe,
F. R. Joaquim and B. M. Nobre, Phys. Lett. B 633, 336 (2006) [arXiv:hep-ph/0507092].
[7] R. Barbieri, P. Creminelli, A. Strumia and N. Tetradis, Nucl. Phys. B 575, 61 (2000) [arXiv:hep-ph/9911315],
T. Endoh, T. Morozumi and Z. h. Xiong, Prog. Theor. Phys. 111, 123 (2004) [arXiv:hep-ph/0308276],
A. Pilaftsis and T. E. J. Underwood, Phys. Rev. D 72, 113001 (2005) [arXiv:hep-ph/0506107], O. Vives,
Phys. Rev. D 73, 073006 (2006) [arXiv:hep-ph/0512160], A. Abada, S. Davidson, F. X. Josse-Michaux,
M. Losada and A. Riotto, JCAP 0604, 004 (2006) [arXiv:hep-ph/0601083].
[8] E. Nardi, Y. Nir, E. Roulet and J. Racker, JHEP 0601, 164 (2006) [arXiv:hep-ph/0601084].
[9] A. Abada, S. Davidson, A. Ibarra, F. X. Josse-Michaux, M. Losada and A. Riotto, JHEP 0609, 010
(2006) [arXiv:hep-ph/0605281], G. C. Branco, R. Gonzalez Felipe and F. R. Joaquim, Phys. Lett. B
645, 432 (2007) [arXiv:hep-ph/0609297], S. Pascoli, S. T. Petcov and A. Riotto, Nucl. Phys. B 774, 1
(2007) [arXiv:hep-ph/0611338], S. Pascoli, S. T. Petcov and A. Riotto, Phys. Rev. D 75, 083511 (2007)
[arXiv:hep-ph/0609125], S. Blanchet and P. Di Bari, JCAP 0703, 018 (2007) [arXiv:hep-ph/0607330],
S. Antusch and A. M. Teixeira, JCAP 0702, 024 (2007) [arXiv:hep-ph/0611232].
[10] J. A. Casas and A. Ibarra, Nucl. Phys. B 618 (2001) 171 [arXiv:hep-ph/0103065].
[11] S. Uhlig, arXiv:hep-ph/0612262.
